. Howev er, little is known regarding the biology and ecoepidemiology of this triatomine in the Brazilian Amazon. The present study describes the biology of E. mucronatus grown under laboratory conditions and the epidemiological aspects of its natural breeding sites. Methods: Five colonies were monitored in the fi eld for 3 years. Temperature and humidity measurements were taken in the mornings and afternoons at the natural breeding sites, and the behavior and distribution of the nymphs and adults were observed in the wild colony. We also monitored the life cycle under controlled laboratory conditions. Results: Some factors that were considered decisive for the establishment of these colonies were present at all of the colonies studied in the fi eld. These factors included an active termite nest, a vertebrate for repast, and dry and shaded substrates with temperatures of 24-28°C and with humidity of 80-90%. A generation was developed in 274 days under these microclimatic conditions in the laboratory. Conclusions: The climatic variables described in the fi eld indicate that these environmental parameters have a limiting effect on the dispersal and colonization of E. mucronatus to new environments. In addition, the long period of development to adulthood demonstrates that only one generation can develop per year even under the more favorable laboratory conditions. Keywords: Eratyrus mucronatus. Chagas disease. Ecoepidemiological. Biological cycle.
The genus Eratyrus Stål, 1859 comprises only two species, Eratyrus cuspidatus and Eratyrus mucronatus; however, only E. mucronatus has been found in Brazil. Both species are considered sylvatic and potential vectors of Trypanosoma cruzi Chagas, 1909 1, 2 . These insects are hematophagous throughout their developmental phases, are exopterygotes, and have a hemi-metabolic biological cycle, with the time gaps between each ecdysis conditioned to physiological and microclimatic variables. Experiments regarding the biology of certain triatomine species have revealed that their biological cycles vary from three to fi fteen months [3] [4] [5] .
Triatomines occupy diverse natural ecotopes, such as mammal and bird nests, caves, palm trees, or rock fi ssures 1 . Studies 1, 6 have shown that E. mucronatus is a sylvatic triatomine that is associated with the nests of Xenarthra, Didelphidae, and colonies of Chiroptera in tree hollows and caves. According to some authors 2,7 E. mucronatus is also found in colonies with Triatoma maculata (a secondary vector of T. cruzi in Venezuela) and with Cavernicola pilosa (a vector of Schizotrypanum in bats and of T. cruzi).
Eratyrus mucronatus has been recorded in the Brazilian States of Amazonas, Pará, Goiás, Maranhão, Mato Grosso, and Rondônia 8, 9 ; however, intra-domiciliary colonization has not been recorded. In contrast, adult individuals have been captured outside and inside human dwellings in the rural areas of Manaus (author observation), and a few specimens were found to be naturally infected with T. cruzi; therefore, this species is likely to represent a T. cruzi transmission risk outside and inside human dwellings 1, 10 . Because E. mucronatus is primarily sylvatic, many studies pertaining to its biology and epidemiology are unavailable. With the exception of sporadic records regarding adults that are attracted to light sources in rural dwellings, few studies regarding the epidemiological importance of this species are available 1, 11, 12 .
Little is known regarding the ecoepidemiological characteristics of E. mucronatus because this species is essentially a sylvatic triatomine and because its colonies are diffi cult to locate and monitor in the fi eld. Therefore, the present study aimed to describe some of the epidemiological aspects of E. mucronatus by characterizing its natural ecotype and biology under laboratory conditions.
RESULTS

METHODS
The license for insect capture were issued by the Brazilian Institute of Environment and Renewable Natural Resources (IBAMA). IBAMA registration: 659216; holders: Wanderli Pedro Tadei and the Chico Mendes Institute for Biodiversity Conservation; license number: 175224-1.
This fi eld study of E. mucronatus biology was conducted in the township of Coari, State of Amazonas on the right bank of the Urucu river [global positioning system (GPS) coordinates S4°53′7.33ʺ/W65°20′59.99ʺ]. The region is covered by primary tropical rainforest and can be divided into fl oodplain and upland forest. The mean annual rainfall of this region is 2,239mm, and the mean temperature ranges from 25 to 26°C throughout the year 13, 14 . This fi eld work did not involve endangered or protected species, and no vertebrates were collected for this study.
We monitored fi ve wild colonies from May 2010 to July 2013. Four of the colonies were on tanimbuca trees (Buchenavia sp.) (GPS coordinates: S04°42′35.2ʺ/W64°57′42.8ʺ, S04°51′51.9ʺ/ W65°20′12.4ʺ, S04°52′50.2ʺ/W65°17′24.7ʺ, and S04°55′26.7ʺ/ W65°19′36.9ʺ), and one colony was on an angelinzeiro tree (Dinizia excelsa Ducke) (S04°53′34.8ʺ/W65°20′11.7ʺ). The temperature and humidity of all of the colonies were measured in the morning and afternoon periods using a digital thermohygrometer suspended inside each colony 10 min before the measurement; this process was repeated for the outside of each colony. We measured the height and outer diameter of the colonized trees and the area holding the hollow where the colonies were found. All of the measurements were made using a Skil ® laser point digital measurer and a manual tape measure. We made daily observations regarding the moving, foraging, and distribution of the nymphs and adults of each colony. The duration of each morning and afternoon observation was approximately 40 min. Foraging situations and predator action on triatomines were recorded and photographed using a Panasonic digital camera (Lumix) DMC-FZ 18.
Three colonies that were composed of sylvatic specimens were collected in Coari to describe the biological cycle and vector potential of E. mucronatus. First and fi fth-instar nymphs were collected from an unmonitored colony. The nymphs were transported in 50-ml fi lter paper-lined plastic pots. The pots were packed in a thermal box during transportation to the insectarium of the Triatominae, Phlebotominae, and Nidicola fauna of the INPA (Instituto National de Pesquisas da Amazônia).
The nymphs were transferred to 1-L rearing pots at the insectarium. The bottoms of the pots were lined with fi lter paper and 10 × 5 centimeter tree bark slivers. Following the emergence of the imagos, three couples were separated to establish the experimental colonies. The colony pots were packed into a thermal box and maintained at a temperature of 26°C (±2°C) and a relative atmospheric humidity of 90% (±5%). The couples were monitored daily to verify egg laying. The eggs were placed individually in 2.5-ml Eppendorf® tubes that contained slightly damp fi lter paper strips. This procedure allowed us to monitor egg incubation, determine the hatching percentage, and observed the death and ecdysis of the nymphs. When the nymphs reached the third instar phase, they were transferred to 100-ml plastic vials until they reached the imaginal molting phase. We assessed the following parameters to identify the vector potential: the time required after birth to the attainment of the fi rst meal, the duration of the instar phases, the mean adult life span, the time gap between the offering and the beginning of a meal, the meal duration, the time span from meal consumption to defecation, and starvation resistance.
Eratyrus mucronatus ecoepidemiological characteristics
The colonized trees were 20 to 30 meters in height and six to ten meters in diameter. The tree walls had many fi ssures and large active termite nests that had spread throughout most of the tree interior. The nymphs and adults were found scattered on either the surface or the interior of the fi ssures. When in close proximity to each other, the nymphs adopted an aggressive and territorial attitude by evicting the invader or raising the rostrum if an attempt was made on a meal. Each nymph had a thick dust cover for its mimicry of the environment (Figure 1) .
Both nymphs and adults were distributed on an area that extended from approximately fi ve centimeters above the soil up to three meters high and were always in the most active areas of the termite nests. Some first-instar nymphs were found inside the deep galleries of the termite nests and were engorged with hemolymph. During the 3-year study period, the density of triatomines was relatively stable at 5-13 individuals per colony tree. All of the individuals had little or almost no intestinal content. None of the nymph or adult triatomines was infected with T. cruzi; however, all of the adults were infected with gregarines in the hemolymph and gut.
Bats were found in the colony trees; we also recorded frogs (Dendrobatidae and Leptodactylidae) and lizards (Gekkonidae: Gonnatodes humeralis). In terms of the fauna of the arthropods, we recorded Ensifera, Blattaria, Hemiptera (Emesinae), Homoptera, Dermaptera, Coleoptera, Isoptera, Diptera (Phlebotominae), Hymenoptera, Trichoptera, Lepidoptera, Opiliones, Chilopoda, and Araneae. On one occasion, we observed a third-instar nymph being preyed upon by a spider (Salticidae) that approached the nymph with an armed rostrum (Figure 1) .
The soil and surface of the walls inside the colonized trees remained dry throughout the study period; no infi ltrations were observed even in the winter. The interior of the colonies maintained a mean humidity of 85% (±5%) year-round; in the outer environment, the humidity was saturated every day during winter and fl uctuated between 85% and 90% during summer. The mean temperature was 26°C (±2°C) for the interior of the colonies and 25°C (±5°C) for the outer environment.
Biology in the laboratory
The three colonies that were reared in the laboratory produced 292 eggs, with one female producing 130 of these eggs. All of the females began oviposition two weeks after 
C: Eggs found inside the galleries of the termite mound. Detail of the egg with open operculum (yellow arrow) and two embryonated eggs that were red. D: A third-instar nymph being preyed upon by a spider (black arrow). E: A third-instar nymph taken from a gallery of the active termite mound; is the nymph was covered with wood dust (bark-like camoufl age).
the emergence of the adult phase and after a blood repast. The ovipositions were interspersed with several intervals of rest, and the longest recorded interval was 18 days. The ovipositions occurred in pairs or in groups of up to nine eggs in the crevices of the tree bark fragment placed inside the colony. The mean egg hatching period was 26 days, and the mean hatch rate was 21% (temperature, 26°C; humidity, 90%). The following two points were determined regarding the formation and success of the colonies: Total or partial permanence of the embrionary exuviae (proto-nymph exuviae) developed after the fi rst-instar nymphs hatched and rejected food. The development time from fi rst instar to imaginal molting occurred in 274 days ( Table 1) .
The nymphs consumed their fi rst meal between the third and seventh day after hatching, with the greatest acceptance observed on the fi fth day. All of the nymphal instars consumed at least three meals, although the females only fed once after the imaginal molt phase. Nymphs of E. mucronatus that consumed only one meal died without reaching the subsequent instar phase ( Table 2 ).
The meal-defecation interval was observed for 15 min. No correlation was observed between the amount of blood consumed and the occurrence of defecation. None of the nymphs or adults defecated during the 15-min observation period because the triatomines were fully engorged at every meal (Table 3) .
Gregarious behavior was not observed in E. mucronatus at any time; this observation is unlike synanthropic triatomines but is characteristic of Triatoma infestans and Triatoma sordida 15 . The colonies were not visited by rats, Didelphidae, monkeys, or other mammals because no traces of feces or nests were observed. The presence of bats may explain the blood in the intestinal contents of the triatomines. The association of bats with E. mucronatus was fi rst reported by Lent Min: minimum; Max: maximum; X: mean; SD: standard deviation.
A B C D E
The few vertebrates found living with the colonies of E. mucronatus acts as a limiting factor for the number of triatomine insects, which explains few observed individuals per colony and the presence of fi rst-and second-instar nymphs scattered throughout the galleries of the termite mounds. The latter observation demonstrates the opportunistic nature of these triatomines, where the nymphs performed hemolymphagy on termites and other arthropods present in the termite mound. Hemolymphagy has also been observed in other triatomines, such as Triatoma rubrovaria, Rhodnius brethesi, and Belminus herreri 16, 17, 18 . The microclimatic parameters that were measured in the interior of the colonies demonstrated little intrinsic variation throughout the year, which appears to be independent of the variations in the outer temperature and humidity. The climatic variables in temperature and humidity observed in the fi eld indicate that these environmental parameters limit the dispersal and colonization of E. mucronatus to new environments. The long period of development to adulthood demonstrates that only one generation can develop per year even under the more favorable laboratory conditions. Long developmental periods have been described in other species, including R. brethesi, with 115 days 5 ; Triatoma pseudomaculata, with 398 days 4 ; and T. rubrovaria, with 358 days 19 .
Unlike other triatomine species in which only one meal is sufficient to reach the subsequent instar phase 5, 20 , the E. mucronatus nymphs that consumed only one meal died without reaching the subsequent instar phase. The time gap between the meal offering and its acceptance may provide insight into the voraciousness of the triatomine in seeking food 21 . The meal-defecation interval was observed for 15 min, with no correlation observed between the amount of blood consumed and the occurrence of defecation. None of the nymphs or adults defecated during the 15-min observation period because the triatomines were fully engorged at every meal.
The observed meal durations and meal-defecation intervals during all developmental cycle phases are key parameters for determining the vector potential of a triatomine 22 . We used a 15-min period to observe the meal-defecation interval; this interval is longer than the periods used in other studies 4,5 because we believed that this interval would provide suffi cient time for this sylvatic species (with little known biology) to leave its host and to seek shelter after ending its meal. No correlation was observed between the amount of blood consumed and the occurrence of defecation. None of the nymphs or adults defecated during the 15-min observation period because the triatomines were fully engorged at every meal. These results, together with our fi ndings that none of the triatomines found in the colony trees were infected with T. cruzi, suggest that the E. mucronatus species found under these bioecological conditions of the Brazilian Amazon is not a good vector for T. cruzi. However, an infection in the triatomine cannot be excluded if this organism has fed on infected mammals.
